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Salvia species (Lamiaceae) have been used in folk medicine since ancient times [1, 2] . There are about 900 Salvia species [3] growing throughout the world, especially located in three areas, namely Europe, around the Mediterranean countries, in South East Asia and in Central and South America [4] . The Salvia genus is represented by over 90 taxa in Turkey, half of them being endemic [5] . Salvia species are rich sources of abietane diterpenes, and Turkish Salvia species have shown high diversity for this type of compound, some of them having rearranged structures with either open (aethiopinonelike quinonoid abietanes) or closed (microstegiollike) A rings [6] . Our group has investigated over 50 Salvia species [7, 8] and isolated more than 200 abietane diterpenes, over 150 of them being new [9] [10] [11] [12] , besides a limited number of pimarane [13] [14] [15] and labdane diterpenes [16] . Phytochemical and pharmacological studies revealed that the diterpenoids are the principal secondary metabolites responsible for most of the biological activities of Salvia species [17] .
We now report the isolation of a new rearranged abietane diterpene, named eriophoroxide ( Figure 1 ) isolated from the roots of S. eriophora Boiss. and Kotschy ex Boiss. In the previous study [18] on the same plant extract, we isolated eleven diterpenoids, namely 4,14-dihydroxysaprorthoquinone, salvipisone, horminone, acetylhorminone, ferruginol, 4,12-dihydroxysapriparaquinone, 12-hydroxysapriparaquinone, 3,12-dihydroxysapriparaquinone-1-ene, 6,7-dehydroroyleanone, and salvilimbinol, and a cardioactivity test was carried out on the acetone extract of the roots and the isolated abietane diterpenes.
Since we have established antioxidant activity tests in our laboratory, in the present study the methanol extract of the aerial parts was tested for antioxidant activity by using the β-carotene bleaching, DPPH free radical scavenging, and metal chelating methods. As well as the methanol extract of the aerial parts, the acetone extract of the roots was also investigated for DNA damaging activity against three yeasts In addition to the previously isolated eleven abietane diterpenoids, a new rearranged abietane diterpenoid, eriophoroxide (1), was isolated, and its structure elucidated as 4,5-seco-5,10-friedo-4,14-dihydroxy-1,11-epoxy-5(10),6,9(11),13-abietatetraene-12-one based on 1D-and 2D-NMR (COSY, HMBC, HMQC) spectroscopic and mass spectrometric analyses, as well as by semi-empirical/ab-initio calculations. On the other hand, the two methyl singlets at δ 1.30 and 1.27 (Me-18 and Me-19) were attributed to the methyls probably attached to a hydroxyl bearing carbon. A signal at δ 5.66 (d, J = 2.3 Hz) was assigned to a hydroxyl group based on D 2 O exchange. The correlation between this hydroxyl group and a proton signal at δ 2.48 (brs) in the COSY experiment indicated that the latter proton should be placed at C-8 and the hydroxyl at C-14. In the 1 H NMR spectrum, another methine signal was observed at δ 4.16 (H-1) as a singlet that might be attributed to a proton next to a hydroxyl group, but an acetylation experiment under mild conditions at room temperature did not yield any acetyl derivative, and drastic acetylation by refluxing the mixture, destroyed the compound. Therefore, the singlet signal at δ 4.16 (H-1) was considered to be attached to an oxygen function, such as an epoxy group rather than a hydroxyl group. In the 13 C NMR (APT) spectrum, there were two aliphatic oxygenated carbon signals, one quaternary at δ c 71.8 (s) (C-4) and the other a doublet at δ c 65.1. In the HMQC spectrum, the latter signal corresponded to δ 4.16 (H-1), and the presence of an oxygen bridge between C-1 and C-11 was deduced by a four bond HMBC correlation between H-2 and C-11. On the other hand, a three bond correlation through H-1/O/C-11, as well as a four bond correlation H-1/C-10/C-11. The singlet appearance of the C-1 proton signal can be explained by the free rotation of the side chain, as observed by studying a Dreiding model. The rest of the signals were in agreement with the structure given in Figure 1 . A NOESY experiment to establish the stereochemistry at C-1 was ambiguous. Therefore, we decided to investigate the stereochemistry by semi-empirical and ab-initio calculations. The geometric parameters of the H-1α and H-1β conformations (Figures 2-3 ) of eriophoroxide (1) in the ground state were calculated by geometry optimization and frequency calculations using semiempirical AM1 [19] and ab-initio B3LYP [20, 21] methods in order to define the most stable structure. The results from the frequency calculations demonstrated that all vibrational normal modes of the two conformations have positive frequency values which, from the geometry optimizations, correspond to the local minima on their potential energy surfaces (PES).
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The enthalpies of formation obtained from the geometry optimizations carried out using the AM1 method for these two conformations were -124.86 and -121.05 kcal/mol for H-1α and H-1β, respectively. The difference between these two energy values is only 3.81 kcal/mol, and, although this small energy difference is not enough to deduce exactly which of these two possible conformations is more stable, the H-1α conformation can be acceptable to be the more stable.
Considering these results, we decided to repeat the same calculations using the B3LYP method. At the end of these calculations, the SCF (Self Consistent Field) energies of the H-1α and H-1β conformations were found to be -676838.59 and -676835.99 kcal/mol, respectively. Similar to the enthalpies calculated by the AM1 method, both SCF values calculated by B3LYP are very close and found only 2.60 kcal/mol energy difference between H-1α and H-1β conformations. In fact, the average absolute error for the B3LYP method in calculating SCF energy is about 3 kcal/mol [22] , then the small energy differences calculated by AM1 and B3LYP indicate that either conformation of the compound could be the most stable. However, the compound 1 with H-1α stereochemistry was accepted as the most possible structure based on comparatively less energy values, obtained by both AM1 and B3LYP methods.
The root extract showed higher inhibition values against the three yeasts (YCp50 Galactose, pRAD52 Galactose and pRAD52 Glucose) than the extract of the aerial parts (Table 2 ) (streptonigrin was used as a positive control). These results should be considered as a weak cytotoxic potential rather than any DNA damaging activity. In fact, any agent that was cytotoxic to the yeasts in the pRAD52 Glucose and YCp50 Galactose plates (>65% inhibition), but was not cytotoxic in the pRAD52 Galactose plate (<35% inhibition) will be considered as a primary hit. An agent whose IC 50 value shows a three-fold difference in the concentration response assay will be considered a lead. None of our compounds fits these criteria. The extract of the aerial parts, when tested against A2780 (human ovarian cancer cell lines) showed only 3.6% inhibition; actinomycin D was used as a positive control. In this study, the antioxidant activity of the methanol extract of the aerial parts of S. eriophora was established for the first time by using three different assays, namely β-carotene bleaching, DPPH free radical scavenging and metal chelating activity.
Percent inhibitions of lipid peroxidation and DPPH scavenging of the methanol extract were determined by β-carotene bleaching and DPPH free radical scavenging, respectively, and compared with TOC (α-tocopherol), BHT (butylated hydroxytoluene) and BHA (butylated hydroxyanisole) at three concentrations (25, 50, 100µg/mL). In the β-carotene-linoleic acid assay, the extract was found to be less active (86.1% inhibition) than the positive controls at 100 µg/mL. In the DPPH free radical scavenging activity method, the extract was more active (74.6% inhibition) than BHT (57.3% inhibition), but not than BHA (92.3% inhibition) and TOC (96.3% inhibition) at 100 µg/mL. The metal chelating effect of the extract on ferrous ions was higher (50.5% inhibition) than quercetin (30.3% inhibition) and less than EDTA (96.0% inhibition) at 100 µg/mL. Table 3 shows the results.
Experimental
Chemicals and spectral measurements: Silica gel 60 (Merck) was used for column chromatography, silica gel 60 PF 254 containing gypsum (Merck) for Chromatotron rotors, and silica gel 60 F 254 (1 mm, Merck) for preparative thin layer chromatography (TLC). Optical rotation was determined in an Optical Activity Ltd. AA-5 polarimeter. UV spectra (λ max (logε), in nm) were recorded on a Shimadzu UV-1601 and IR spectra (in cm -1 ) on a Perkin-Elmer Model 983 instrument. 1D-and 2D-NMR spectra were recorded on a Varian Mercury-Vx (400/100 MHz) instrument, using TMS as internal standard; chemical shifts (δ) are reported in ppm, coupling constants (J) in Hz. EIMS and HR-EIMS were recorded on a VG Zab Spec instrument.
Plant material and preparation of extract:
The roots and the aerial parts of S. eriophora Boiss. & Kotschy ex Boiss. were collected from Central Turkey (Pınarbaşı-Kayseri) in May 2000 and identified by Dr Gamze Kökdil (Mersin University). A voucher specimen was deposited in the Herbarium of the Faculty of Pharmacy, Ankara University (AEF 21132).
The dried and powdered roots of the plant material (500 g) were exhaustively extracted in a Soxhlet apparatus with acetone (1.5 L) to afford 13.3 g of a residue which was fractionated on a silica gel column and collected fractions (Fr. A-C) monitored as described in the previous paper [18] . Fraction C was applied to 1 mm thick silica gel rotors of a Chromatotron instrument (circular rotation chromatography instrument) and eluted with CH 2 Cl 2 (20 x 25 mL) with gradients of acetone up to 100%. During Chromatotron separation, a fraction, obtained by elution with CH 2 Cl 2 -acetone (90:10), was further purified on preparative TLC plates (CH 2 Cl 2 /acetone-95:5) and eriophoroxide (1) (10 mg) was isolated.
The aerial parts (1 kg) were macerated with 4L methanol three times. After filtration and evaporation of the solvent 50g of crude extract was obtained, which was tested for DNA damaging, cytotoxic and antioxidant activities.
Computational details: All computer calculations were carried out in the gas phase by utilizing the Gaussian 98 programme package [23, 24] with semiempirical AM1 (Austin Model 1) [19] and ab-initio density functional theory (DFT) based B3LYP, which consists of Becke's three parameters gradientcorrected exchange functional and the gradientcorrected correlation function of Lee Yang and Parr [20, 21] electronic structure methods. To calculate the geometrical parameters for the most stable conformation of eriophoroxide (1), geometry optimization calculations were carried out at 298 K and 1 atm. pressure by assuming that conformations are in a free state and are also electronically in their ground states.
The results obtained from the frequency calculations performed at the same theory levels were then checked to see whether these resultant geometrical structures obtained for the two conformers correspond to the local minima on the potential energy surface (PES) of the rearranged abietane, eriophoroxide (1).
Antioxidant activity: The antioxidant activity was established by using the β-carotene bleaching method, DPPH free radical scavenging activity and metal chelating activity assays, as described in the literature [25, 26] .
DNA damaging and cytotoxic activities: These activities were carried out as described in [9] . 
